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GHYHORSHGIRUELRGLHVHOSURGXFWLRQ7KLVPHWKRGZDVFRPSRVHGRIPLFURZDYHGLVUXSWLRQSDUWLDOZDWHUUHPRYDORLO
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WKH IHHGVWRFN IRU ELRGLHVHO SURGXFWLRQ7KH UHVXOWV VKRZ WKDW WKHPRLVWXUH RI WKHZHWPLFURDOJDH DIWHUPLFURZDYH
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SUHWUHDWHGPLFURDOJDHZDVRYHU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&RQYHQWLRQDOSURFHVVIRURLOH[WUDFWLRQIURPPLFURDOJDHġ FRQVLVWVRI WKHPLFURDOJDHKDUYHVWLQJELRPDVV
GU\LQJDQGRLOH[WUDFWLRQ>@EXWWKHGU\LQJVWHSLVKHDYLO\HQHUJ\LQWHQVLYH7KXVPRUHDQGPRUHVWXGLHV
DUH IRFXVLQJRQXVLQJZHWPLFURDOJDH IRU RLO H[WUDFWLRQ DQGELRGLHVHO SURGXFWLRQ >@+RZHYHU WKH
WHFKQRORJLHV VXFK DV FHQWULIXJDWLRQ DQG VXSHUFULWLFDO IOXLG H[WUDFWLRQ XVHG LQ WKHVH VWXGLHV KDYH ORZ
FRPPHUFLDOYLDELOLW\7KHUHIRUH LQ WKLV VWXG\ZHGHYHORSHGHFRQRPLFDOO\DQG WHFKQRORJLFDOO\ IHDVLEOH
PHWKRGV IRU PLFURDOJDH ELRGLHVHO SURGXFWLRQ IURP ZHW PLFURDOJDH IHHGVWRFN WR HVWDEOLVK
FRPPHUFLDOL]DWLRQDQGODUJHVFDOHPLFURDOJDHEDVHGELRGLHVHOSURGXFWLRQSURFHVV
0DWHULDOVDQGPHWKRGV
2.1 Materials 
%RWKKH[DQH$&6DQGVRGLXPK\GUR[LGH1D2+$&6ZHUHERXJKWIURP0DFURQ)LQH&KHPLFDOV
DQGLQGXVWULDOPHWKDQRO!ZDVSXUFKDVHVIURP8QL:DUG
7KH PLFURDOJDO VWUDLQ Chlorella vulgaris (63 ZDV IURP 8QLYHUVLW\ &HQWHU IRU %LRVFLHQFH DQG
%LRWHFKQRORJ\1DWLRQDO&KHQJ.XQJ8QLYHUVLW\7DLQDQ7DLZDQDQGWKHFXOWXUHFRQGLWLRQVLVGHVFULEHG
LQ<HKHWDO>@7KHPLFURDOJDHELRPDVVZDVFROOHFWHGZLWKDFRQWLQXRXVIORZFHQWULIXJHDWUSP
UHVXOWLQJLQWKHSURGXFWLRQRIWKHPLFURDOJDHVOXGJHZLWKDPRLVWXUHFRQWHQWRIDERXW%HVLGHVWKHRLO
FRQWHQWLQWKHPLFURDOJDHZDVDERXWE\ZHLJKWRIGU\ELRPDVV
2.2 Pretreatment  
7KHSURFHGXUHVRI WKHPHWKRGGHYHORSHG LQ WKLV VWXG\ DUH LQGLFDWHG LQ)LJ7KH ILUVW VWHSZDV WKH
SUHWUHDWPHQWRIPLFURDOJDHVOXGJH,QJHQHUDOJVOXGJHZDVSODFHLQDFXVWRPL]HGFRQWDLQHUZKLFK
ZDVPRGLILHGIURPDP/VHUXPERWWOHDQGPL[HGZLWKP/PHWKDQRODWUSPIRUPLQXWHV
ZLWKDPDJQHWLFVWLUULQJEDU7KHERWWOHZDVWKHQPRYHGLQWRDġPLFURZDYHRYHQDW:IRUPLQIRU
FHOOGLVUXSWLRQ$IWHU WKDW WKHPL[WXUHZDVSRXUHG LQWRDFRPPHUFLDO ILOWUDWLRQEDJIRUQXWPLONZKLFK
ZDVFHQWULIXJHGZLWKDVSLQGU\HUWRUHPRYDOOLTXLGIURPWKHPL[WXUHWR\LHOGDPLFURDOJDHFDNH
2.3 Wet oil extraction 
$QDSSURSULDWHDPRXQWJRIWKHPLFURDOJDHFDNHZDVSODFHLQDP/VHUXPERWWOH7KHQP/
PHWKDQRO DQG     DQG P/ RI KH[DQHZHUH DGGHG LQWR WKH IODVN WR LGHQWLI\ WKH VXLWDEOH
KH[DQHWRPHWKDQRO UDWLR 0RUHRYHU WKH H[WUDFWLRQ WHPSHUDWXUH RI     DQG R& DQG WKH
H[WUDFWLRQ WLPH RI      DQG PLQZHUH DOVR WHVWHG WR UHFRYHUPLFURDOJDH RLO $IWHU
VWLUULQJDWUSPXQGHUWKHDERYHPHQWLRQHGFRQGLWLRQVWKHPL[WXUHZDVFHQWULIXJHGDWUSPIRU
PLQ WR DFKLHYH WKH VHSDUDWLRQ RI RLO SKDVH ZDWHU SKDVH DQG PLFURDOJDH UHVLGXH 7KHQ WKH RLO SKDVH
LQFOXGLQJPLFURDOJDHRLODQGKH[DQHZDVSUHVHUYHGLQDQRWKHUP/VHUXPERWWOH,QRUGHUWRFDOFXODWH
WKH RLO UHFRYHU\ P/ RI WKH KH[DQH VROXWLRQZDV SDVVHG WKURXJK WKH WUDQVHVWHULILFDWLRQ UHDFWLRQ DW D
KH[DQHVROXWLRQPHWKDQROFRQWDLQLQJZW1D2+UDWLRRIĻDWR&DQGUSPIRUPLQXWHV
2.4 Transesterification 
7KH PHWKDQRO FRQWDLQLQJ  ZW 1D2+ ZDV DGGHG LQWR WKH VHUXP ERWWOH ZKLFK ZDV ILOOHG ZLWK
PLFURDOJDORLOFRQWDLQLQJKH[DQHVROXWLRQIURPWKHZHWRLOH[WUDFWLRQZLWKGLIIHUHQWYROXPHUDWLRVRIRLO
SKDVHWRPHWKDQROVXFKDVĻĻĻĻDQGĻ,QDGGLWLRQWKHUHDFWLRQWHPSHUDWXUHRI
 DQG R& DQG WKH H[WUDFWLRQ WLPH RI      DQG PLQXWHVZHUH XVHG WR ILQG WKH EHVW
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FRQGLWLRQV IRU ELRGLHVHO SURGXFWLRQ 7KH WUDQVHVWHULILFDWLRQ UHDFWLRQ ZDV SHUIRUPHG DW  USP DW WKH
FRQGLWLRQVPHQWLRQHGDERYH$IWHUWKDWWKHPL[WXUHZDVFHQWULIXJHGDWUSPIRUPLQDQGWKHQWKH
KH[DQHVROXWLRQSDVVHGWKURXJKWKHYDFXXPGLVWLOODWLRQWR\LHOGSXUHELRGLHVHODQGUHFRYHUSXUHKH[DQH
5HVXOWVDQGGLVFXVVLRQ
$ PLFURDOJDH FDNH ZLWK D ZHLJKW RI DERXW  J DQG D VROLG FRQWHQW RI  ZDV REWDLQHG DIWHU
FHQWULIXJHGZLWKDVSLQGU\HUIRUFORWKHVLQWKHSUHWUHDWPHQWVWHS7KHFDNHZDVVXEMHFWHGWRWKHZHWRLO
H[WUDFWLRQVWHSZKLFKZDVFRQGXFWHGDWGLIIHUHQWH[WUDFWLRQWLPHWHPSHUDWXUHDQGVROYHQWUDWLRWRREWDLQ
WKHRSWLPDORSHUDWLQJFRQGLWLRQV IRU WKH UHFRYHU\RIPLFURDOJDHRLO2WKHU IDFWRUV VXFKDV WKHXVHRID
FRROLQJV\VWHPIRUWKHUHFRYHU\RIKH[DQHYDSRUDQGHQHUJ\FRQVXPSWLRQZHUHDOVRLQYHVWLJDWHG)LJ
VKRZVWKHHIIHFWVRIWKHH[WUDFWLRQWLPHWKHUDWLRRIKH[DQHWRPHWKDQRODQGWKHH[WUDFWLRQWHPSHUDWXUH
RQ WKH PLFURDOJDH RLO UHFRYHU\ 7KH UHVXOWV VKRZ WKDW DW URRP WHPSHUDWXUH R& WKH RLO UHFRYHU\
LQFUHDVHGZLWKDQLQFUHDVHLQWKHH[WUDFWLRQWLPHDQGWKHUHFRYHU\UHDFKHGSODWHDXVWDUWLQJDWPLQ7KH
VXLWDEOHH[WUDFWLRQWHPSHUDWXUHZDVR&8QGHUWKHVHFRQGLWLRQVDFRROLQJV\VWHPVKRXOGEHXVHGWRIRU
VDIHW\ UHDVRQGXH WRVHULRXVKH[DQHHYDSRUDWLRQ7KH LQFUHDVH LQ WKHUDWLRRIKH[DQH WRPHWKDQROFRXOG
DOVRLQFUHDVHWKHRLOUHFRYHU\DQGWKHUHFRYHU\ZDVRYHUZKHQWKHKH[DQHPHWKDQROUDWLRZDV
P/P/ +HQFH WKH EHVW FRQGLWLRQV IRU WKHZHW RLO H[WUDFWLRQ IURP WKHPLFURDOJDH FDNHZHUH
H[WUDFWLRQWLPHPLQH[WUDFWLRQWHPSHUDWXUHR&WKHKH[DQHPHWKDQROUDWLR
,Q WKH WUDQVHVWHULILFDWLRQ VWHS WKH IDFWRUV FRQVLGHUHG ZHUH WKH UHDFWLRQ WHPSHUDWXUH WKH KH[DQH
VROXWLRQPHWKDQRO UDWLR DQG WKH UHDFWLRQ WLPH$V VKRZQ LQ )LJ  WKH EHVW WHPSHUDWXUHZDV R& DW
ZKLFK WKH FRQYHUVLRQZDV RYHU  7KH VXLWDEOH UDWLR RI KH[DQH VROXWLRQ WRPHWKDQROZLWK ZW
1D2+ZDVDVWKHFRQYHUVLRQDWWKHUDWLRRIZDVKLJKHUWKDQ0RUHRYHUWKHUHDFWLRQWLPHRI
PLQZDVFKRVHQEHFDXVHWKHFRQYHUVLRQDIWHUPLQUHDFWLRQZDVKLJKHUWKDQ
$ERXW  J RIPLFURDOJDH VOXGJH ZDV XVHG WR H[DP WKH SURFHGXUHV GHYHORSHG DQG WKH RSHUDWLQJ
IDFWRUV LGHQWLILHG LQ WKLV VWXG\ 6RPH RSHUDWLRQ GHWDLOV ZHUH FKDQJHG LQ WKLV VWXG\  $PHFKDQLFDO
VWLUUHUDW USPZDVXVHG WR VXEVWLWXWH WKHPDJQHWLF VWLUULQJEDUDW USP 7KH IXOO DPRXQWVRI
PLFURDOJDH VOXGJH PLFURDOJDH FDNH DQG KH[DQH VROXWLRQ FRQWDLQLQJ PLFURDOJDH RLO ZHUH XVHG LQ WKH
FRUUHVSRQGLQJVWHSVH[FHSWWKHPLFURZDYHGLVUXSWLRQLQZKLFKWKHVOXGJHPHWKDQROPL[WXUHZDVHYHQO\
GLYLGHGLQWREDWFKHVWRUXQWKHH[SHULPHQWVVHSDUDWHO\7KHVROLGOLTXLGVHSDUDWLRQZLWKDVSLQGU\HU
DQG D ILOWUDWLRQ EDJ DQG WKH IROORZLQJ RLOZDWHU SKDVHV VHSDUDWLRQ E\ JUDYLW\ ZHUH VXEVWLWXWHG IRU WKH
FHQWULIXJDWLRQ DW  USP IRU  PLQXWHV 7KH UHVXOWV RI WKLV WHVW VKRZ WKDW WKH RLO UHFRYHU\ DQG
FRQYHUVLRQZHUHERWKRYHUVXJJHVWLQJWKDWWKHSURSRVHGSURFHGXUHVDUHVXLWDEOHIRUWKHXVHLQODUJH
VFDOHPLFURDOJDHEDVHGELRGLHVHOSURGXFWLRQ
&RQFOXVLRQ
$ QRYHO ELRGLHVHO SURGXFWLRQ PHWKRG FRPSRVHG RI WKH SUHWUHDWPHQW RLO H[WUDFWLRQ DQG
WUDQVHVWHULILFDWLRQ XVLQJ ZHW PLFURDOJDH DV IHHGVWRFN ZDV GHYHORSHG LQ WKLV VWXG\ 8QGHU WKH RSWLPDO
FRQGLWLRQVWKHPLFURDOJDHRLOUHFRYHU\DQGELRGLHVHOSURGXFWLRQZHUHERWKRYHU)XUWKHUPRUHXVLQJ
DODUJHDPRXQWRIPLFURDOJDHVOXGJHDVIHHGVWRFNIRUELRGLHVHOSURGXFWLRQLVIHDVLEOHXVLQJWKHSURSRVHG
PHWKRGWKXVFRQILUPLQJWKDWWKHSURSRVHGPHWKRGKDVWKHSRWHQWLDOWREHXVHGLQODUJHVFDOHRSHUDWLRQ
$FNQRZOHGJHPHQWV
7KLVZRUNZDVILQDQFLDOO\VXSSRUWHGE\0LQLVWU\RI(FRQRPLF$IIDLUV52&LQWKHIUDPHZRUNRIWKH
SURMHFWV'
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)LJ7KHSURFHGXUHRIWKHELRGLHVHOSURGXFWLRQ
IURPZHWPLFURDOJDH
)LJ7KHHIIHFWVRIWKHH[WUDFWLRQWLPH
WHPSHUDWXUHDQGWKHKH[DQHPHWKDQROUDWLRRQ
PLFURDOJDORLOUHFRYHU\
)LJ7KHHIIHFWVRIWKHUHDFWLRQWHPSHUDWXUH
WKHKH[DQHVROXWLRQPHWKDQROUDWLRDQGWKH
UHDFWLRQWHPSHUDWXUHRQELRGLHVHOSURGXFWLRQ
